Abstract -Automobile sector is always focusing on enhancing level of comfort, fuel economy, customer satisfaction and safety. Vehicle weight reduction increases the overall fuel efficiency. Use of composite materials has made it possible to reduce the weight of the vehicle, without reduction in load carrying capacity. Now a day's manufacturers and researchers are trying to replace conventional material parts with composites. The composite materials have more elastic strain energy storage capacity and high strength to weight ratio as compared to steel. This paper is related to Numerical and experimental strength analysis of suspension leaf springs for a light motor vehicle made of composite materials. Two materials Glass Fiber Reinforced Plastic (GFRP) and Carbon Fiber Reinforced Plastic (CFRP) are selected for manufacturing of leaf spring. The strength of these composite depends on angle orientation, volume to weight ratio of reinforcement and length to depth ratio of fiber. In this work two leaf springs made of GFRP and a sandwich of CFRP and GFRP are developed. Numerical and experimental static stress analyses are carried out for these two springs. These results are compared with analytical results of conventional metal spring. The comparison shows that composite material springs have compatible strength to withstand load. Comparative results for weight, cost and deformation are presented at the end of the paper.
II. DESIGN AND DEVELOPMENT OF LEAF SPRING A. Material Selection
The material selection criteria is important in design of leaf spring. In this work, GFRP and CFRP are used for the leaf spring. Two leaf spring models made from GFRP and a sandwich of GFRP and CFRP material are developed. In sandwich leaf spring 30% of carbon fiber is used and the comparative study is made between two models of leaf spring and then with steel leaf spring. Table I . gives the properties of materials used for making these two models, The glass fiber leaf spring consists of 35 layers is developed. Sandwich leaf spring consists of 12 layers of carbon fiber and 23 layers of glass fiber, is developed.
B. Properties of Composite Material

III. FINITE ELEMENT ANALYSIS OF LEAF SPRING
The modeling of composite leaf spring is done with CATIA V5. For the finite element analysis, ANSYS 14.5 is selected due to its simplicity and quick results. The static structural analysis is performed for both the leaf springs. The boundary conditions used for analysis are as follow, Fig.2 show the stress analysis results for steel leaf spring. The maximum stress induced in the conventional mono leaf spring is 179.62 MPa. Fig.3 shows total deformation occured in the steel leaf spring. The maximum deformation observed is 38.98 mm. Fig.4 gives maximum stress produced in the GFRP composite leaf spring and it is 149.52 MPa. Stress value is maximum at center and at eye ends. Fig.5 gives total deformation occurs in leaf spring as 49.21 mm. Fig.6 shows stress analysis for the sandwich leaf spring. The maximum stress produced is 140.27 MPa. Fig.7 shows total deformation occurred in sandwich leaf spring is 43.17 mm. Total deformation induced in GFRP and sandwich leaf spring is higher as compare to steel leaf spring. The deformation occurs in sandwich leaf spring is lesser than the GFRP leaf spring, but the difference between them is less as compare to the conventional leaf spring. Stress produced in steel leaf spring is maximum than the composite leaf springs. The stress produced in sandwich leaf spring is less as compare to the GFRP leaf spring.
A. Analysis of steel leaf spring
B. Analysis of GFRP leaf spring
C. Analysis of sandwich leaf spring
IV. EXPERIMENTAL ANALYSIS
The static test is conducted on the universal testing machine. The GFRP leaf spring model is placed on the fixture. By keeping the one end fixed and other end free reading for deflection and stresses are obtained. The same procedure is used for sandwich leaf spring. Fig.8 shows the test setup used for the static test. 
V. RESULTS AND DISCUSSION
The result obtained from experimental and analytical analysis are presented in this section. Fig. 9 shows spring deflection vs. load values. From the figure, it is observed that the deflection produced in steel leaf spring is less as compare to the GFRP and sandwich leaf spring. The composite leaf springs shows the deflection values within limit. GFRP leaf spring having maximum deformation than the sandwich leaf spring. 11 shows the comparative explanation about the weight, cost, stiffness and deformation of the conventional steel leaf spring, glass fiber leaf spring and sandwich of glass and carbon fiber leaf spring. VI. CONCLUSION It is observed that GFRP leaf spring is having higher deformation than the sandwich and steel leaf spring. Stress developed in sandwich leaf spring is lesser than the GFRP and steel leaf spring. The stiffness of carbon fiber is more as compare to both the spring. But due to addition of small amount of carbon fiber increases the strength of sandwich leaf spring. The reduction in weight of composite leaf springs is 70% than the conventional steel leaf spring. It means weight reduction is achieved for same loading condition. The cost of glass fiber leaf spring is lesser than the sandwich leaf spring and sandwich leaf spring having less cost as compare to the steel leaf spring, the cost reduction is also achieved. The strength of sandwich leaf spring is higher as compared GFRP and steel leaf spring.
